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The  present  study  concerns  the  properties  of  the  blood  of  the 
cholera animal considered as the carrier of the virus of the disease on 
the one hand, and as reflecting the pathological effects of the disease 
on the other. 
If the blood of the cholera hog be drawn with aseptic precautions 
in the  early days of the  fever (before the 5th)  it will frequently be 
found free of bacteria demonstrable by the usual methods of aerobic 
and anerobic cultivation.  Inoculated into a  normal animal the dis- 
ease may be readily produced after an incubation period varying from 
3 days to 3 weeks depending on the activity of the virus and the re- 
sistance of the animal. 
The virus is both free in the serum or plasma and, as Dinwiddie  (1) showed, 
so associated  with the cells that repeated washings  with the centrifuge do not 
detach it.  Although  this observation is usualy quoted as relative to red cells, 
Dinwiddie's paper does not discriminate between the red and white cells and blood 
platelets.  Dinwiddie also  noted round, stainable bodies in  the red corpuscles 
(11),  while  King, Baeslack,  and Hoffman (2) believed that they found a small 
spirochete in small numbers in the blood. 
* The data on infectious  enteritis and swine influenza were obtained in Iowa 
where these two diseases are prevalent.  We were fortunate in having the coopera- 
tion of the Eastern Iowa Veterinary Medical  Association and more particularly 
of the following members: Drs. Fred Crow, E. O. Thomas and J. S. Potter of Iowa 
City; A. H. Legenhausen,  G. B. Munger and J. W. Griitith of Cedar Rapids; W. J. 
Pirie of Springville; W. C. Vollstedt of Dixon; J. C. Glenn of Norway; H. J. Fry of 
Kalona; and J. B. Bryant of Mount Vernon.  We wish also to express our appre- 
ciation for cooperation in this investigation to Dr. C. T.  Rogers of Swedesboro, 
New Jersey; and to N. W. Brooks of Cedar Rapids, Iowa. 
We are indebted to the State University of Iowa Medical School and especially 
to Dr. O. H. Plant of the Department of Pharmacology and Dr. G. H. Hansmann 
of the Department of Pathology for the use of the laboratory facilities. 
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The actual potency of the virus has quite recently been determined quantita- 
tively.  Uhlenhuth  (4)  had stated that dropping a minute amount of virus into 
the uninjured conjunctival sac sufficed  to produce infection but  gave  no  actual 
measures.  The reports of McBryde and his coworkers, however, give increasingly 
accurate  determinations  of blood virulence  which  their  latest  figure places  at 
0.00003 cc. (5).  Roderick and Sehalk (6) found that 0.00002 cc. of the virus serum 
was sufficient to produce an infection with hog cholera. 
EXPERIMENTAL 
The work here reported was done with a strain of virus obtained from a commer- 
cial laboratory in 1925.  It has been maintained by occasional passage through 
swine at this laboratory.  Our experimental  animals are bred in the Institute's 
establishment.  They are fed no animal products, and are cared for with every 
attention  to isolation.  They have never been vaccinated against  hog cholera, 
and there has been no case of the disease in the stock since its establishment as a 
segregated herd in 1920.  No animal inoculated with usual quantities of the virus 
strain has failed to develop the disease when kept under the usual conditions. 
In the early passages intraperitoneal inoculation with 1, 2, or 4 cc. 
of virus blood taken about the 3th day of the fever quite regularly 
resulted in the establishment of disease after an incubation period of 
4 to 7 days.  Recently the incubation period has been quite regularly 
3 days.  Experiment has shown that our virus is approximately as 
active  as  that  reported  by  McBryde.  We  have  induced  typical 
cholera with a four day incubation period with 0.00001  cc. of blood. 
The further tenfold dilution failed to infect. 
Repeated examinations of blood have been conducted in an effort 
to obtain visual evidence of the virus.  Bodies similar to those de- 
scribed  by  Dinwiddie  are  readily  made  out  in  variable  numbers. 
Careful  control  has  shown  indistinguishable  structures  in  normal 
swine blood.  The larger bodies seem to be those frequently noted by 
hematologists as  "Jolly  bodies."  The  smaller  seem  to  be  asso- 
ciated with the occurrence of reticulation and basophilic granulation 
of the red blood corpuscles, with modifications in appearance due to 
the application of unusual or unstandardized staining methods. 
Blood smears have been made in the usual way on carefully cleaned slides. 
They have been fixed with heat, methyl and ethyl alcohols, alcohol ether mixture, 
acetone, formaldehyde, Zenker's fluid or Re.gaud's fluid and  stained  after  each 
fixation with Gram stain, Loeflter's methylene blue, carbol fuchsia, and Giemsa's 
stain.  Many  preparations  have  also  been  made with Borrell's toluidine  blue, PAUL A.  LEWIS  AND  RICHARD  E.  SHOPE  721 
with  Goodpasture's fuchsin as for Negri bodies and with eosinmethylene blue. 
Fresh blood has been mounted on slides under cover slips, sealed and examined. 
In a number of instances the white cells have been concentrated before mounting 
and in other cases the serum or plasma, freed so far as possible of cellular elements 
by centrifugalization, has been examined.  Fresh  preparations  have  also  been 
stained supravitaily  with neutral  red and Janus green.  Both direct and  dark 
fidd illuminations have been used with the best available optical apparatus,  on 
both the fresh and the fixed and stained blood.  The examinations have been car- 
tied out with the aid of a mechanical stage, and the study of preparations has been 
both prolonged and systematic. 
The  examinations  have  shown  the  presence  of small  numbers  of 
bacteria in the preparations from both supposedly normal and from 
diseased animals on several occasions. 
No abnormal  formed element  has been observed which  could by 
any possibility be identified with the virus.  In special no spirochete 
was seen, and no motile form of any sort amongst the granular matter 
so prominent in dark field films prepared in the usual manner  from 
blood, blood plasma and serous exudates.  Furthermore when blood 
was thoroughly defibrinated by stirring with a wire whip and examined 
at once with the dark field the intercellular spaces were often almost 
optically empty.  No cell inclusion peculiar to the disease has been 
found. 
On the basis of a virus potency of 0.00001 cc. each preparation may 
be  supposed  to  contain  at  least  1,000  elements.  (The  usual  well 
prepared  thin  blood smear on a slide uses from 1-200 to 1-500 cc. of 
blood and a  fresh preparation  on a  slide under a  7/8 inch cover for 
either dark field or direct illumination  cannot hold more than 1/100 
cc.)  This  imparts  confidence  that  the  opportunity  for  observing 
elements,  were  they  demonstrable  by  the  methods  employed,  is 
adequately afforded by the material. 
Many and repeatedly renewed attempts have been made to culti- 
vate the virus,  all unsuccessful.  Particularly  it may be noted that 
the method successfully used by Marchoux (7),  and later by Land- 
stelner and Berliner (8) for the propagation of the virus of "Hiihner- 
pest" has been thoroughly tried for our purpose.  Anaerobic as well 
as aerobic conditions have been used without result.  We have not 
so far tried the symbiotic method with tissue cultures or other micro~ 
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The announced  successful  cultivation  of the  virus,  in  the  form of 
Spirocheta hyos, by King  and  Drake  (9)  cannot be highly  regarded 
when it is recognized that the dilution potency of the virus is so much 
greater than they supposed. 
The Cellular Pathology of the Blood 
In hog cholera it was noted by King and Wilson (3) that an average of a number 
of examinations showed a leucopenia of moderate degree.  They found that for 
normal hogs the total leucocyte count averaged 19,982 (43  examinations on 42 
individuals).  The maximum recorded as normal was 39,295, the minimum was 
10,070.  For the cholera animals the total average was 15,515 (20 examinations 
of 16 individuals).  The maximum was 23,500, the minimum 7,200.  The authors 
give no data as to the method or materials of inoculation for the animals whose 
blood counts were given.  No protocols appear in which the progress of the blood 
changes can be correlated with advancing disease and it is impossible to reconstruct 
such a correlation from the information given in the tables.  Their average change 
is in the same direction as that which we are able to record, but with their tables 
alone one would conclude  that the changes were much less significant  in point of 
regularity and extent than those we have experienced. 
Lewis, Shuler,  McElroy and Ritter (10) confirmed the observations just men- 
tioned but apparently did not greatly extend them.  The lowest white cell count 
observed by these authors was 7,000 per cu. rnrn.  Like King and Wilson,  they 
found a progressive decrease in the red blood corpuscles and a  comparable decrease 
in  hemoglobin.  Their  data  do not  permit  of a  clear  correlation  between  the 
development of the anemia and the progress of the disease. 
Dinwiddie  (11) found leucopenias in swine suffering from hog cholera that were 
very marked in some animals and corresponded very closely  to  what we have 
observed in the experiments to be reported here.  It is impossible, however, from 
Dinwiddie's figures to reconstruct the actual progress of the leucopenia or to de- 
termine its possible significance as an aid to the identification of a disease as hog 
cholera.  Regner (12) in  Germany, has attempted to  differentiate hog cholera, 
swine plague and swine erysipelas by means of the blood picture and has described 
a rapidly occurring leucopenia in acute hog cholera. 
It appeared to us that if a definite leucopenia was indeed a constant 
feature of acute hog cholera it might be used as a  discriminating aid 
to the  diagnosis of the  disease,  and we have therefore restudied  the 
question. 
It became apparent  that the usual method of collecting the blood 
tbr counts was ill suited to any considerable series of observations on 
swine.  The  task  of filling  the  counting  pipettes  accurately  from  a PAUL  A.  LEWIS  AND  P,~I~  F,.  SHOPE  723 
skin puncture was so difficult and time-consuming that a  more satis- 
factory method was sought.  The technique  finally used in  making 
several hundred blood counts on swine was so simple and rapid that 
it seems worth while to describe it in detail.  With only slight modi- 
fication it could be adapted for use with other large animals. 
The equipment needed for the blood collection  consists of a pair of moderately 
heavy scissors,  a  number of 50  ml.  round-bottomed,  wide-mouthed centrifuge 
tubes or ordinary wide vials with rubber stoppers, some small rubber bands, and a 
small amount of an anticoagulant.  For the latter, we have used hepar~n,  1 mg. 
per 5 cc. of blood, in most of our work, but either potaassium oxalate, 2 mg. per cc. 
of blood, or sodium citrate, 2 rag. per cc. of blood, will be found satisfactory.  The 
latter two anticoagulants may give rise to imperfectly formed crystals but these 
can be distinguished by the use of the "high dry" objective. 
Blood is obtained by cutting off a small portion of the hog's tail with scissors, 
thus opening the relatively large coccygeal arteries~ and is collected  in a  50 ml. 
wide-mouthed  tube  containing  powdered  antigoaguiant  in  sufficient  amount. 
Our practice has been to keep in readiness a number of these tubes each containing 
sufficient anticoagulant for 5 cc. of blood, the 5 cc. level on the tube being marked. 
After the specimen has been obtained the tube is dosed, using a rubber stopper 
preferably, and further hemorrhage from the animal's tail is prevented by wrap- 
ping a rubber band about it over a small pad of absorbent cotton, as near the tip as 
possible, rather tightly. 
Before making a count on the blood the tube should be agitate4again to insure 
thorough mixture of the corpuscles  and plasma which sometimes separate rather 
rapidly on standing especially in blood from febrile animals.  Then a small amount 
(0.5 cc. is sufficient)  is removed from the tube by pipette and run out on a clean 
glass microscopic slide.  From the pool thus formed the hemocytometer pipettes 
are promptly filled using 2 per cent acetic acid as the diluent for the white blood 
cells and physiological  salt solution as the diluent for the red blood corpuscles. 
The blood film for the differential count can be made in the usual manner.  From 
this point the counts are conducted after the standard methods. 
The method has been checked against counts made on blood collected  directly 
from skin puncture and found to agree satisfactorily.  A few typical counts are 
presented in Table I.  Animals with normal numbers of red and white cells and 
those with the anemia and leucopenia characteristic of hog cholera are included. 
We have also determined that counts made on samples of blood that have stood 
at warm room temperature all day are comparable to those made immediately 
after the blood is drawn (Table II).  This makes it possible to study the blood 
of animals collected at a distance from the laboratory.  Specimens are satisfactory 
for "supravital" staining with neutral red and Janus green for at least 3 hours. 
The leucocytes retain their motility and their cytoplasm takes up the dyes satis- 
factorily for this length of time at least. 724  BLOOD  IN HOG  CHOLERA 
TABLE  I 
Comparison of Counts  from Counting Pipettes and from Tubes with Heparin, 
Potassium Oxalate or Sodium Citrate 
Animal  No. 
434 
435 
396 
437 
438 
Cells 
Leucocytes 
Erythrocytes 
Leucocytes 
Erythrocytes 
Leucocytes 
Erythrocytes 
Leucocytes 
Erythrocytes 
Leucocytes 
Erythrocytes 
Direct (ear) 
3,200 
4,435,000 
6,440 
5,110,000 
24,750 
7,162,500 
22,040 
6,475,000 
23,200 
6,050,000 
Indirect (bled  from tail) 
Hepafin 
(1 nag.  per 5 cc. 
of blood) 
2,320 
4,575,000 
6,520 
5,675,000 
27,400 
7,037,500 
22,600 
6,400,000 
24,400 
6,450,000 
Potas~um 
oxahte(2mg. 
percc.ofblood) 
2,900 
4,435,000 
6,400 
5,515,000 
22,600 
6,375,000 
25,000 
6,250,000 
Sodium citrate 
(2 nag.  per ec. 
of blood) 
2,480 
4,175,000 
6,300 
5,725,000 
23,200 
6,350,000 
24,800 
5,985,000 
TABLE  II 
Comparison of Counts Immediately after Bleeding and after Storage.  Blood Samples 
Drawn in Rapid Succession from Swine 395 
Time of storage  Cells 
Within 1 hour following bleeding { 
Mter 7 hours at room tempera- ( 
ture (72°F.) and 17 hours in re- 
frigerator 
Leucocytes 
Erythrocytes 
Leucocytes 
Erythrocytes 
Hepafin 
(1 mg. per 5 
cc. of  blood) 
p~T 6U. m~. 
18,800 
6,562,500 
17,90C 
6,715,00~ 
Potassium 
oxalate (2 
.  CC. 
18,100 
6,487,50C 
19,300 
6,575,00~ 
Sodium ci- 
trate  (2 n~. 
per cc. oi 
blood) 
17,40C 
6,225,00C 
18,050 
6,600,00C 
Blood Changes in Experimentally Induced Hog Cholera 
On  one  or  more  days preceding inoculation normal  counts were 
obtained on the animals.  The virus was administered either intra- 
peritoneally,  intracutaneously,  subcutaneously  or  intracorneally, PAUL  A.  LEWIS  AND  RICHARD  E.  SHOPE  725 
the mode of administration or amount given (within the range used 
in these experiments) being immaterial to the results as regards blood 
cell alterations.  Five of the six animals studied were killed when 
moribund, for pathological material and the other (Swine 432)  was 
allowed to die of the disease. 
The results were, in essential detail, the same for the six animals 
(Table III).  All showed a progressive moderate anemia, the attempt 
at regeneration being demonstrated by showers of nucleated red cells 
appearing in the circulation rather early in the disease.  The leuco- 
penia in all cases was extreme and in five of the six animals was very 
evident even as early as 48 hours following inoculation.  It preceded 
the temperature reaction or any of the clinical manifestations of the 
disease.  The decrease in leucocytes was rather rapidly progressive 
so that by the time the temperature reaction was definitely established 
counts ranging from 2,000 per cu. ram. or lower to 4,000 per cu. ram. 
were the rule.  This extreme leucopenia was maintained, with irregu- 
lar fluctuations, over a period of from 8 to 13 days, in animals living 
long enough, when the leucocyte counts rose somewhat to establish 
a more moderate leucopenia.  At no time, however, did the white cell 
counts reach levels approaching normal.  That these variations were 
genuine and not merely a matter of blood dilution was established by 
determinations which showed that  the  corpuscle volume and total 
solids of the whole blood and plasma were unchanged. 
Study  of  the  fixed  films indicated  that  the  polymorphonuclear 
leucocytes were most affected.  The leucopenia, however, involved 
the lymphocytic series as well.  Two typical protocols are given in 
Table  IV.  Preliminary studies of blood supravitally stained with 
neutral red and Janus green indicate that differential counts on fixed 
blood smears do not truly represent the actual hematological picture, 
for supravitally stained preparations, of the blood which showed no 
polymorphonuclear neutrophiles and  eosinophiles in fixed prepara- 
tions, frequently yielded these ceils very badly damaged, much vacuo- 
lated, and apparently very fragile.** 
The total leucocyte counts of normal swine blood containing either 
heparin  or potassium oxalate  as  anticoagulants do  not  change on 
** These examinations were aided by the personal advice and assistance of Dr. 
Florence R. Sabin and Dr. Charles A. Doan. :b.. 
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727 TABLE  IV 
Differential Counts in Experimental Hog Cholera 
=e, 
m 
o  .  L  i 
z 
Swine 432 
ram.  ram.  mra.  mra.  mm.  698  "'0  mrs.  II 
17,440  9,680  ram. 
1rim. 
Normal  5,319  1,482  261  0  610  38.8 
0.1 cc. hog cholera virus intracorneally 
2 
3 
4 
5 
7 
8 
9 
11 
12 
14 
15 
17 
18 
19 
21 
22 
23 
24 
25 
26 
28 
15,5413  3,186 
13,4443  2,486 
13,90C  2,502 
11,44(]  1,773 
6,30C  4,221 
3,840  2,535 
4,00C  1,480 
2,90C  928 
1,64C  623 
1,6443  246 
2,54C  330 
8,04C  1,930 
9,32C  2,237 
7,52C  1,579 
9,44C  2,360 
8,40C  2,100 
9,50C  3,705 
6,44C  2,640 
5,40C  1,998 
9,10C  3,731 
7,84C  4,547 
1,243 
1,882  [ 
1,460  [ 
57623 
192 
8O[ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
78  [10.4891 
67  8.7361 
0  19.1731 
57  I 8.4661  i 
0  ,  1.3861 
0  qqxi 
0  2.2401 
0  1,6821 
0  7P.7 '. 
0  ql~t 
0  1.7531 
0  4.1001 
0  4,2881 
0  3.3081 
0  5.475] 
0  5.880l 
0  4.5601 
0  2.190] 
54  2.8081 
0  4.186] 
0  2,430] 
544 
269 
765 
572 
504 
115 
200 
232 
230 
262 
432 
1,849 
2,423 
1,805 
1,2271 
336 I 
1,045 
129  1, 
108 I 
1,001[ 
3141 
01  0 
OI  0 
Oi  0 
Oi  0 
01  [26 
oi  0 
Oi  0 
Oi  58 
Oi  0 
01  !13 
25[  0 
01  ~61 
861  !86 
~)21  ~26 
891  ~89 
01  84 
901  0 
:881  ~93 
:321  0 
91[  91 
;491  0 
781  39.4 
671  39.9 
OR  39.5 
ot  39.8 
6621 41.8 
4991 42.0 
300[  41.2 
.r  42.8 
ol  42.2 
ol  40.5 
oJ  40.1 
241] 39.0 
ol  38.5 
751  38.6 
283]  37.0 
84t  37.0 
()l  35.8 
64t  36.8 
541  36.2 
911  39.5 
78r  38.9 
Swine 434 
Normal  23,700  4,977  1,659  0  16,590  474  0]  0  0  38.6 
0.4 cc. hog cholera virus 394 intracutaneously 
2 
3 
5 
7 
9 
11 
13 
14 
17 
20 
9,600 
6,40C 
4,940 
4,340 
1,48G 
3,440 
2,90G 
3,040 
3,640 
2,320 
960 
1,600 
444 
1,606 
281 
722 
145 
0 
70 
576 
576 
296 
0 
0 
0 
29 
0 
23 
0  7,77£ 
0  3,584 
0  3,80£ 
0  2+387 
0  1,154 
0  2,374 
0  2,349 
0  2,76~ 
2,065 
288l  C  0 
512l  C  128 
395l  13  99 
3041  13  43 
451  13  0 
310[  13  34 
3771  13  0 
2131  (3  61 
1621  (]  0 
9£ 
192 
2,124 
1,042 
69 
58 
3C 
38.9 
39.5 
40.9 
41.4 
41.6 
41.2 
41.6 
41.1 
40.6 
40.7 
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incubation for periods of 7 hours at 37°C.  Blood from early cases of 
hog cholera, however, when incubated for  7 hours with heparin as 
anticoagulant, is characterized by a  further progress in leucopenia. 
Potassium oxalate or  sodium  citrate  used as  an  anticoagulant for 
similar samples of blood inhibits this progress in the leucopenia.  A 
typical example is given in Table V. 
TABLE  V 
The Effect on the Leucocyte Count of Incubating Normal and Cholera Swine Blood-- 
Swine 441 
Time after 
inoculation 
days 
Normal 
Temper- 
ature 
*C. 
37.8 
Heparin (1 m~. per 5 cc. of  Potassium  oxalate (2 rag. per 
blood as anttcoagulant)  cc. of blood  as anticoagulant) 
Incubated  Incubated 
0 hrs.  7 hrs. 
per cu.  per cu. 
film.  mm. 
26,600 24,160 
24 hrs.  0 hrs.  7 hrs. 
per cu.  per cu.  per cu. 
mm.  mm.  ~B~. 
25,700 27,200 
24 hrs. 
p~f C~. 
mm. 
Sodium citrate (2 nag, 
per cc. of blood as 
anticoagulant) 
Incubated 
0 hrs.  7 hrs. 
~er cu.  per cu. 
mm.  mf'tl. 
Inoculated intraperitoneally with 1 cc. of hog cholera virus 
37.7  14,040 11,940  I 
38.7  9,9001  8,700 I 
38.5  10,740  7,100 
40.5  6,940[  7,240"] 
40.6  7,500  5,440  I 
40.6  4,600  2,800 
5,140  15'540114'200  9,2401 9,940  I 
10, I00] 9,200  I 
S,8601 6,700" I 
6,480  6,960  [ 
5,040  5,000 
6,400 
5,300  4,500 
* Many small, round forms. 
Blood Changes in Field Cases of Hog Cholera 
It  seemed possible that  factors other than those encountered in 
experimentally induced hog cholera might cause the blood changes in 
field  cases  of the disease  to  be less  characteristic.  Consequently, 
data were obtained on animals sick with acute hog cholera from five 
widely  separated  herds.  These  data  are  presented  in  Table  VI. 
The leucopenia is just  as  characteristic in naturally occurring hog 
cholera as it is in  that  experimentally induced, and the leucocyte 
counts on normal hogs under field conditions compare very well with 
those recorded for our normal laboratory animals.  They range from 730  BLOOD  IN  HOG  CHOLERA 
14,000  per cu. mm. to 26,500 per cu. mm. and the average of fifteen 
such animals was 21,800 leucocytes per cu. mm. 
The Leucopenia of Hog Cholera as a Diagnostic Aid 
At present, certainty in the diagnosis of hog cholera is to be secured 
only by the reinoculation of filtered materials into healthy animals. 
It would seem, therefore, that any additional clinical evidence which 
should be precise and readily obtained would be both welcome and 
useful, even though it might lack the quality of absolute certainty. 
TABLE  VI 
Counts  on Field Cases of Hog Cholera 
Case No.  Erythrocytes  Leucocytes  Remarks 
Woodbury  1 
"  2 A 
"  3 
"  2 B 
"  13 
Trenton  1 
"  2 
Plainview  1 
Whittier  2 
"  3 
Kalona  1 
"  2 
"  3 
"  4 
~T  c~, fnr4. 
3,850,000 
5,575,000 
5,400,000 
4,925,000 
4,815,000 
96O 
6,520 
9,550 
9,400 
6,140 
7,040 
1,200 
4,740 
5,000 
4,840 
7,800 
6,140 
7,300 
2,900 
"Vaccination break" 
l~"  ll 
lg  li 
Spontaneous 
~g 
"Vaccination break" 
~g  g, 
Spontaneous 
gg 
gg 
The leucopenia observed in the disease is so extreme that it has seemed 
possible to use it as a discriminating aid in the diagnosis of the disease. 
With this in mind, further work has been done with swine diseases, 
often clinically confused with cholera, and with phases of hog cholera 
itself, that might conceivably show a different blood picture. 
Following immunization of swine against  hog  cholera,  using  the 
so-called simultaneous or double  treatment,  vaccination breaks not 
infrequently occur; that is, during a period ranging from a few days 
to two weeks or longer after immunization a few animals in the herd 
or the whole herd become sick.  Under such conditions  it is of the PAUL  A. LEWIS  AND  RICHARD  E. SHOPE  731 
utmost importance to both the owner of the herd and the veterinarian 
in charge to determine promptly whether the disease is hog cholera or 
something else.  For this reason we have determined the effect on the 
blood picture of the administration to normal swine of hog cholera 
virus and antiserum, in the quantities used in conferring active im- 
munity against hog cholera.  Dr.  J. T. McGrann of  Trenton, New 
Jersey, kindly made this material available to us.  Leucocyte counts 
were made on animals just before the immunizing injections and at 
the end of 1, 3, and 5  days.  The data obtained in this experiment 
are given in  Table  VII. 
A condition very often suspected and very seldom seen in swine is 
hemorrhagic septicemia.  We have tried for a long while, unsuccess- 
TABLE Vli 
Tke Et~ect of Anti-Hog  Ckolera Immunization  on the Leucocyte  Count  of Swine 
Time after 
.immunization 
Swine 401 
Leucocytes 
~f  Cf4. ram. 
14,040 
Swine 403 
Leucocytes 
~8}' c~. ram. 
25,440 
S~ne4~ 
~uco~tes 
25,200 
Swine 405 
Leucocytes 
Normal 
Doub~treated with Pitman-Moorehogcho~ravims  and serum 
1 day  28,840  23,880  30,900  39,800 
3 days  18,140  25,340  37,100  38,100 
5days  17,740  22,540  27,140  34,540 
~gg CU. m~* 
25,440 
fully, to obtain an uncomplicated case.  Failing that we have resorted 
to a study of swine inoculated with Bacillus sulsepticus.  A protocol 
of the experiment is given in Table VIII (Swine 394 and 398). 
It was conceivable that secondary invasion of an animal, suffering 
from hog cholera, by an organism normally capable of producing a 
leucocytosis would serve to obscure the characteristic cholera leuco- 
penia and make differential diagnosis by the leucocyte count impos- 
sible under such conditions.  To test this possibility two hogs were 
inoculated with hog cholera virus and the disease allowed to progress 
for 7 days until the animals were well into the stage of leucopenia. 
They were then inoculated with B.  suisepticus  in a  dosage that was 
known, by reason of the experiment just cited, to be capable of pro- 
ducing a  marked leucocytosis in normal swine.  Blood counts were 732  BLOOD IN HOG  CHOLERA 
done at 2, 6  1/2,  and 11  1/2  hours after inoculation  and daily for 3 
days more.  At no time did a leucocytosis  result (Table VIII,  Swine 
TABLE VIII 
The Effect on the Blood Picture of Inoculating Normal and Cholera  Infected Swine 
with B. suisepticus 
Swine 396 
Time after  inoculation 
Te~nl~era-  Erythrocytes 
days  I  krs.  per cu. ram. 
Normal  I  39.'S  [  6,100,000 
Leucocytes  ture  Swine 397  Leucocytes  Tempera-  Erythrocytes 
~,c~.m~[  *c.  [  pert, ....  w~.~m. 
17,350138.917,037,000/17,050 
0.1 cc. hog cholera virus intraperitoneaUy 
39.4 
40.2 
41.0 
42.0 
6,100,000 
6,512,000 
5,837,000 
11,600 
8,290 
6,250 
8,250 
38.6 
39.4 
41.0 
41.5 
6,920,000 
6,740,000 
7,230,000 
7,300,000  6,412,500 
5 cc. of a 24 hour broth culture of B. suisepticus (376D) subcutaneously 
17,224 
8,100 
5,900 
5,280 
8 
9 
10 
2 
6½ 
11½ 
42.2 
41.6 
41.1 
42.0 
41.8 
6,325,000  5,800 
6,462 ,Q00  9,400 
6,250,000  7,060 
6,637,000  5,300 
5,150,000  5,150 
5,425,000  9,400 
42.0 
42.0 
41.0 
7,400,000 
6,712,000 
6,540,000 
5,800,000 
1,050 
3,850 
6,100 
3,600 
Swine 394  Swine 398 
Normal  39.2  7,112,000 14,650  38.6  7,090,000  21,300 
5 cc. of a 24 hour broth culture of B. suisepticus (376D) subcutaneously 
2 
6½ 
11½ 
41.6 
41.4 
39.5 
39.0 
39.0 
7,137,000 
6,900,000 
6,700,000 
6,650,000 
6,412,000 
6,050,000 
19,300 
32,300 
27,300 
26,200 
15,100 
14,600 
39.5 
41.0 
39.6 
39.0 
7,260,000 
7,075,000 
5,890,000 
6,020,000 
21,660 
41,750 
40,500 
20,900 
396  and  397).  In  fact,  the  immediate  reaction  was  to  produce  a 
more  profound leucopenia.  Inoculation of  cholera-sick  swine  with 
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Infectious enteritis, a disease very prevalent in swine in the middle 
western states in the summer and fall, may in its early stages be con- 
fusing diagnostically.  Data concerning the leucocyte reaction to this 
disease were obtained on field cases (Table IX)  and experimentally 
TABLE  IX 
Leucocyte Counts on Field Cases of Infectious Enteritis 
Case No.  Leucocytes  Case No.  Leucocytes 
North Liberty 1 
"  "  2 
cc  ~¢  3 
Sharon  1 
Watldns  1 
"  2 
Plainview  2 
North Liberty 4 
~$f CU. rollS. 
25,700 
33,640 
18,900 
20,840 
16,900 
33,140 
44,500 
56,460 
North Liberty 5 
Kalona  1 
"  2 
Tiffin  1 
"  2 
"  3 
"  4 
#~f C~. fnm. 
16,240 
33,540 
37,500 
32,300 
31,600 
32,320 
34,000 
TABLE  X 
Leucocytes per Cubic Millimeter of Blood in Cases of Experimentally Induced 
Infectious Enteritis 
Time after 
infection 
Normal 
Fed 200 cc. of a 48 hour broth culture of B. suipestifer 
Swine 8232  Swine 8233  Swine 8234  Swine 8236  Swine 8238  Swine 8239 
26,600  34,940  22,040  18,800  26,540  22,800 
12 hrs. 
24  " 
36  " 
2 days 
3  " 
4  ~¢ 
5  " 
6  " 
7  " 
27,600 
29,600 
44,300 
34,240 
34,140 
38,900 
37,100 
34,240 
22,200 
31,000 
36,400 
20,340 
18,200 
16,660 
21,300 
35,400 
30,500 
29,800 
33,400 
32,140 
20,800 
25,400 
24,100 
20,740 
16,600 
26,300 
34,100 
26,340 
40,540 
20,440 
18,540 
8,740 
18,800 
37,400 
29,700 
17,400 
induced cases (Table X).  In the field cases the predominant reaction 
was a slight to moderate leucocytosis and in no instance was leucopenia 
observed.  The greatest relative increase was in the polymorphonu- 
clear leucocytes.  These findings are confirmatory of earlier unpub- 734  BLOOD IN HOG  CHOLERA 
lished observations by Dr.  H. E.  Biester.  Through the kindness of 
the latter and of Dr.  Charles Murray, Iowa State College, Ames, we 
were enabled to observe variations in the leucocyte counts of animals 
in which infectious enteritis  had been experimentally induced.  The 
TABLE XI 
Counts in Field Cases of Swine Influenza 
Case No.  Approximate day of  Leucocytes** per cu.  Erythrocytes per cu. 
disease  ram. of blood  ram. of blood 
West Branch  1 
¢¢  ~c  2 
Windham  1 
"  2 
"  3 
"  4 
"  5 
Wellman  1 
"  2 
"  3 
Iowa City  4 
"  "  6 
North Liberty 1 
"  "  3 
Lone Tree  1 
"  "  2 
"  "  3 
North Liberty 4 
Cg  g¢  5 
Mount Vernon I 
"  "  2 
cg  ¢¢  3 
3rd 
5th 
3rd 
4th 
3rd 
4th 
4th 
5th 
5th 
5th 
3rd 
3rd 
3rd 
3rd 
3rd 
3rd 
2nd 
2nd 
5th 
3rd 
5th 
3rd 
2nd 
2nd 
3rd 
16,740 
23,900 
10,100 
19,600 
16,100 
16,640 
25,240 
11,100 
13,500 
8,820 
14,900 
13,600 
23,600 
11,200 
16,040 
12,800 
16,800 
19,700 
22,100 
13,140 
22,540 
9,200 
10,000 
10,300 
19,000 
6,375,000 
7,750,OO0 
7,150,000 
** Leucocyte counts done on the blood of 24 normal hogs during the late fall 
and winter months averaged 24,600 leucocytes per cu. mm. of blood, with extremes 
of this series at 19,000 and 35,000 leucocytes per cu. mm. 
findings  agreed  in  essential  detail  with  those  on  field  cases  of  the 
condition, in  that there was a  slight to moderate leucocytosis in all 
cases.  One animal,  Swine 8239, developed a  leucopenia on the 2rid 
day following infection that was in the upper range of those observed PAUL  A.  LEWIS  AND  RICHARD  E.  SHOPE  735 
for cholera.  However, the change was very transient and was fol- 
lowed by a rather marked leucocytosis on the 4th day. 
Swine influenza (hog flu)  is very prevalent among swine in  the 
middle western states  during  the  fall  and  winter months  and  at 
times is very difficult to differentiate from hog cholera.  It occurs at 
a time of the year when, even on the farms where hog cholera immuni- 
zation is regularly practiced, large numbers of the fall pigs have not 
yet been vaccinated.  While swine influenza occurring in hogs that 
are cholera immune is readily diagnosed as such, in animals that are 
not cholera immune a  definite differentiation has not been possible 
at  times until  the  disease has  progressed for  several days.  Data 
concerning the leucocyte reaction in swine influenza were obtained in 
Iowa in the fall of 1928.  Counts were made on both cholera-immue 
and non-immune animals suffering from swine influenza (Table XI). 
The predominant reaction was a slight to moderate leucopenia.  The 
greatest relative decrease was in the polymorphonuclear leucocytes. 
The degree of leucopenia attained was much less than that occurring 
in hog cholera and in only  ,two out of twenty-five cases of swine influ- 
enza were the counts low enough to have been possibly confused with 
the leucopenia of hog cholera.  The leucopenia in these two animals 
reached the upper limits of the hog cholera leucopenia but the condi- 
tion was readily differentiated when leucocyte counts on other sick 
animals in the same herds were conducted.  The data presented here 
would indicate that the two conditions, hog cholera and swine influ- 
enza, could be differentiated as herd infections by consideration of the 
leucocytic reaction. 
A few leucocyte counts on field cases of swine, heavily infested with 
ascaris, and on animals suffering from an obscure type of posterior 
paralysis, showed that in neither of these conditions was a leucopenia 
developed, a slight to moderate leucocytosis being the rule. 
DISCUSSION 
In blood kept from coagulating by small amounts of heparin the 
leucopenia of hog cholera can be made to progress still further in vitro 
by incubating.  The decrease in cells in vitro might conceivably be 
due to the presence of a  lytic substance active against leucocytes. 
To test this possibility samples of normal swine blood to which blood 736  BLOOD  IN HOG  CHOLERA 
serum from cholera-sick swine had been added were incubated for 
varying periods of time and then counted.  No decrease in the num- 
ber of leucocytes could be demonstrated.  That the white blood cells 
are fragile in hog cholera is indicated by the supravital observations. 
It seems likely that the decrease observed in vitro on incubation is due 
to the fragmentation of these fragile cells.  Potassium oxalate and 
sodium citrate in some way inhibit the fragmentation.  Whether the 
damage to the leucocytes is due to the virus itself or to some toxic 
product capable of action only in vivo has not as yet been determined. 
So far as we have gone, severe leucopenia has been found to be 
present in only one disease of swine that is clinically confusing with 
hog cholera, namely swine influenza, and then only occasionally.  It 
is believed by us that a leucocyte count of 8,000 per cu. ram. or less on 
three sick animals in a  suspected herd can be relied on as indicating 
that the condition is hog cholera. 
SUMMARY  AND  CONCLUSIONS 
1.  Prolonged and systematic examination of blood from swine with 
hog cholera has failed to reveal any formed element that  could be 
identified with the etiological virus.  Culture has likewise been un- 
successful. 
2.  The  quantitative  blood  changes in  hog  cholera  consist  in  a 
slowly progressive anemia, usually moderate in degree, and a rapidly 
progressive severe leucopenia affecting cells of the polyrnorphonuclear 
series most markedly but also including those of the lymphocytic 
series. 
3.  Incubation of hog cholera blood results in a further progress of 
the leucopenia, in vitro, if heparin has been used as the anticoagulant, 
but there is no significant change if potassium oxalate or sodium ci- 
trate has been used. 
4.  Consideration of the leucocytic reactions prevailing in experi- 
mental infection with B. suisepticus,  in infectious enteritis, in swine 
influenza, following successful immunization against hog cholera, and 
following infection of  cholera-sick  swine  with  secondary  invaders 
indicates that the leucocyte count would be of aid in the differential 
diagnosis of hog cholera. PAUL A.  LEWIS AND  RICHARD E.  SHOPE  737 
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